Wing area is a parameter important to any study of chiropteran flight behaviour (Struthsaker 1961 ; Findley et al. 1972 ; Lawlor 1973) , because it is a necessary component for the calculation of aspect ratio and wing loading. Bats possessing high aspect ratio wings usually display swift and steady flight, often at high altitudes. Bats that possess low aspect ratio wings usually display slower, more manouverable flight and often fly at lower altitudes (Findley 1972 ; Findley et al. 1972 ; Mortensen 1977 ; Vaughan 1970) . However, despite the importance of wing area, no-one has published a simple, yet accurate, method which can be used to calculate it.
Currently, there are three methods available in the literature for quantifying wing area. One method is the calculation of a wing area index which compares the length of the forearm and third digit with the width of the wing across the fifth digit. The second method involves tracing the bat's wing onto paper and measuring the enclosed area with a polar planimeter (eg. Farney and Fleharty 1969 ; Strickler 1961) . The third method estimates wing area from the lengths of the forearm and digits, and the arctangent of the angle between the third and fourth digits (Smith and Starrett 1979) . Each method has advantages and disadvantages.
Findley's method is simple, but provides an 'index' of the wing length/width relationship, and not an estimate of true wing area. Farney and Fleharty's method is potentially accurate, but is time consuming, damaging to the specimens, and limited to use on fluid-preserved specimens or dry skins prepared with their , t. 52, n° 4, 1988 . wings spread. Smith and Starrett's method seems to overcome these problems, but yields inaccurate results (Blood, unpubl. data and this paper). One of us (BRB) has devised a method for the calculation of wing area which is simple, useful on any bat specimen in which the digits are accessable, and non-destructive. Most importantly, the technique yields estimates which accurately reflect true wing area.
Mammalia
We consider the chiropteran wing as being composed of two elements. One, the plagiopatagium, we represent as a simple rectangle bounded by the forearm and fifth digit. The second, the chiropatagium, we represent as a simple right triangle which has as its base the fifth digit and as its height the length of the third digit. The total wing area is the sum of these two elements. Our method can therefore be represented by the equation :
Area of one wing = (FA χ D5) + 0.5 (D5 x D3) Where FA is the length of the forearm, and D3 and D5 are the lengths of the third and fifth digit respectively. We have not concerned ourselves with the area of the uropatagium or the undersurface of the body, which have been included in the calculation of flight surface area by some authors, but whose significance is unclear.
We have tested the accuracy of our method and that of Smith and Starrett by comparing the results of both with known wing areas of 20 Myotis velifer (Vespertilionidae) and 20 Tadarida brasiliensis (Molossidae) housed in the mammal collections of the Natural History Museum of Los Angeles County (LACM). We selected these specimens because they were all collected from a single cave roost, eliminating geographic variation. All the specimens were prepared by the same individual as dry skins with their wings fully spread, minimizing preparator variation. Calculations were performed on each specimen independently to avoid problems with sexual dimorphism. We used an electronic digitizer board with a spatial resolution of 0.1 mm to determine the lengths of head-and-body, forearm, and digits 3, 4 and 5. We also determined the area of the right wing directly by defining eleven points on the wing margin (Figure 1 ) and allowing the digitizer to compute the area of the enclosed polygon. The large error incurred by Smith and Starrett's method appears to result from a simple geometric error. The areas of the triangles used to represent the chiropatagium are computed as base x height, not 1/2 (base χ height) (Smith and Starrett 1979). However, even after applying this correction, the method still yields mean errors of 5.2 % and 26.2 % for M. velifer and T. brasiliensis respectively.
